The aim of this study was to reveal the relationships between dye reduction test scores and somatic cell count (SCC) in bovine raw milk. The SCC, methyelene blue reduction scores (MTS) and resazurin reduction test scores (RTS) were determined at biweekly intervals in four test days (TD) between March and April 2017 in a total of 89 raw milk samples sold in Samsun province as unpacked. While SCC values were recorded by an automatic counter, all SCC values were transformed to log10 base before statistical analysis. In MTS method, the time for the change of the color of milk from blue to white was noted and milk quality was assessed using a 1 to 4 point scale (1=>5h-good/excellent; 2=2-5h-medium; 3=0.5-2h-bad and 4=<0.5h-very bad). The change of milk color caused by resazurin solution after one-hour incubation at 37°C was evaluated by a 1 to 3 point scale (1=blue-very well; 2=mauve/deep pink-medium and 3=light blue/uncolored-poor). While significant differences were determined among logSCC means by TD groups after one-way analysis of variance (One-way ANOVA), effects of TD on MTS or RTS were insignificant. Besides, when the samples were examined by lower or higher than 500×10 3 cells/ml that assumed as the threshold for SCC in this study, no significant effect of SCC on the MTS or RTS. In this study, correlation and determination coefficients of SCC with MTS and RTS were calculated to be r=0.279; R 2 =0.149 and r=0.18; R 2 =0.097 and, it was concluded that dye reduction tests are not suitable to reliably determine the quality of bovine raw milk.
Introduction
In spite of the main target in livestock farms has been regarded boosting animal products until recently, a great effort has been shown to elevate not only quantity but also quality of the products in today's enterprises. Moreover, preventing animal products away from bacterial invasion may be seen a positive approach by public health. In this context, dairy sector is seen as the dominant structure among the animal sections. Milk with low bacteria or antibiotic residues and no abnormal character by smell or taste is assumed to be favourable. Today, some indirect but rapid techniques have been developed to detect milk quality instead of bacteria counting. Of these, electrical conductivity, pH, coagulation score and somatic cell count (SCC) have commonly been used. Study results (Koc, 2008; Atasever et al., 2012; Mikone Jonas et al., 2016) emphasized that SCC increased according to many factors such as breed, age, stage of lactation, location or management differences. While elevated levels of SCC reflect an abnormality in milk or mammary gland of cow, a punishment-reward system according to SCC has been applied in many countries. The highest SCC limit for bovine raw milk than can be consumed by human has been manifested to be 400×10 3 cells/ml by EU directives and this level has been declared to be 500×10 3 cells per ml by Turkish Food Codex in Turkey (Erdem et al., 2010) .
To determine milk quality, dye reduction observations have also been performed in some circumstances. Of these, methylene blue and resazurin reduction have been known as rapid and easy examination methods, however, their reliabilities have still been argued. While the time for colourless of milk is recorded in the first method, the change of colours in milk within an hour is noted after adding dye materials. De Silva et al. (2016) , who reported a high (0.91) correlation between methylene blue test score (MTS) and total bacteria count (TBC), emphasized that MTS data could be used as reliable parameter to detect raw milk quality. In contrast, Kramomtong et al. (2007) reported low associations of MTS with TBS. These studies clearly indicate the low reliability or validity of dye tests. While Bilkis et al. (2013) informed that MTS values might be benefitted to decide milk quality, Muliro et al. (2013) , revealed that RTS data were not suitable as a quality test method. As seen, investigating the associations of dye reduction tests with SCC will ensure considerable information to dairy owners and food analysts. Moreover, this type studies are expected to lead to other researchers via contributing to the literature.
The objective of the present study was to determine the association of MTS and RTS with SCC, which has been assumed as the most reliable indirect quality parameter, in bovine raw milk samples.
Materials and Methods
Milk samples were collected from buckets after morning milking in Samsun province, which is located in the Black Sea region of Turkey, in four different test days (TD). All samples were produced by Jersey and its crosbreds with Turkish native cows those reared in the similar breeding, barning and feeding conditions. In the study, SCC data were obtained by an automatic cell counter and due to high variation among the values, all numbers were transformed to logarithm 10 base (logSCC) to ensure homogeneity. Of dye reduction tests, RTS data were achieved by applying resazurin solution to the raw milk samples (Braide et al., 2015) . The solution was prepared by 2.5 mg resazurin within 50 ml distilled water. For the test, 1 ml solution was added to 10 ml milk and after 1 h incubation at 37 °C , change of colour was recorded using a score scale (1=blue, extra; 2= dark pink or lilac, first class; 3=pink or uncoloured, second class). In MTS evaluation, decolorization time of milk samples those including methylene blue solution according to bacterial load was recorded. Dye solution that composed of methylene blue and distilled water was added to milk samples and disappearing time of blue colour was recorded (Mahari and Yemane, 2016) . Thus, test results were obtained with scores where higher ones indicates poor milk quality (4=< ½ h, 3= <1/2-2h, 2= <2-5 h and 1=<5h). All milk quality parameters were evaluated to determine the effect of TD by one-way analysis of variance (One-way ANOVA). The mathematical model was as follows: Yij=µ+Ti+eij Where: Yij: is dependable variable (logSCC, RTS and MTS), µ: population mean, Ti: effect of TD (i=1, 2, 3, 4) and eij: random residual.
The means of the groups were compared with Duncan's multiple comparison test. Also, the change in RTS and MTS data were assessed in two SCC subgroups (1=lower SCC; ≤500x10 3 cells/ml and 2= higher SCC; >500x10 3 cells/ml) by independent t-test. To reveal the relationships among three parameters, Kandall's tau-b correlation coefficients were calculated. The statistical analyses were computed with SPSS 17.0 for Windows package program at the significance level of P<0.05.
Results and Discussion
Descriptive of parameters used in this study are seen in Table 1 . As mentioned in Materials and Methods, calculated RTS mean indicates to moderate quality level of milk samples. Besides, MTS mean points out to moderate/poor quality. In the analysis, logSCC and SCC means were obtained to be 5.58 and 648×10 3 cells/ml, respectively. These levels could be evaluated as high, according to EU directives. It was observed that milk samples investigated in the present work had moderate/low quality level when all quality parameters of the study were assessed together.
Changes of the traits according to TD are presented in Table 2 . As understood, highest RTS and MTS means were obtained in the 1st and 4th TD, respectively. However, no difference was found among the groups, statistically. In contrast, logSCC means between 1st and 2nd, 1st and 4th or 2nd and 3rd TD were differed from each other (P<0.05). The lowest and highest logSCC means were calculated from 2nd and 1st TD groups, respectively. These findings clearly showed that TD was an effective environmental factor only for SCC among three traits. Really, Miller et al. (2004) emphasized day to day variation among the SCC values. Relatively higher numerical structure of logSCC by DRTS might be one of the main reasons of this result. Variation in DRTS by two SCC threshold groups is seen in Table 3 . The threshold for SCC (500×10 3 cells/ml) was declared by Turkish Food Codex as the legal limit of SCC value which may be accepted to consume milk by humans (Davut and Atasever, 2017) . The means of both traits were lower in the first SCC group. But, similar to Table 2 , no statistically significant difference was determined between two SCC groups. The low sample sizes of the groups might be assumed to be a reason for this result obtained here. Demirci et al. (2010) reported that RTS method is not suitable to decide an abnormality in milk with high microbial load due to relatively rapid declorasition. That's why, raw milk samples with low quality might be caused to some false results in the obtained data.
Variation in DRTS by two SCC threshold groups is seen in Table 3 . The threshold for SCC (500×10 3 cells/ml) was declared by Turkish Food Codex as the legal limit of SCC value which may be accepted to consume milk by humans (Davut and Atasever, 2017) . The means of both traits were lower in the first SCC group. But, similar to Table 2 , no statistically significant difference was determined between two SCC groups. The low sample sizes of the groups might be assumed to be a reason for this result obtained here. Demirci et al. (2010) reported that RTS method is not suitable to decide an abnormality in milk with high microbial load due to relatively rapid declorasition. That's why, raw milk samples with low quality might be caused to some false results in the obtained data.
At the end of the present study, associations among three traits were determined using Kendall's tau-b correlation estimation method. The correlation coefficients of the traits were estimated for both two SCC threshold groups (partial correlations) and also for the total samples (Table 4) . As seen, a weak (r=0.322) correlation coefficient was determined between MTS and RTS. Also, both DRTS values had statistically insignificant correlations with logSCC. Actually, these associations might be expected to be stronger, however, because of the raw milk samples of this study had been collected from open bazaars where hygiene and storage conditions were poor, these findings obtained here might be regarded as a normal result. In other words, wide variation of SCC between 28×10 3 cells/ml and 4686×10 3 cells/ml might be assumed as the main reason for relatively low correlations. Nevertheless, when SCC was assumed as the control group, MTS may be preferred by RTS.
In the view of the obtained finding here, regression equailities were estimated to determine the relationship level of SCC with RTS and MTS. The descriptives of regression values between RTS and logSCC are seen in Table 5 . According to the calculations, the suitable regression model was achieved to be; Y=0.403X-0.162 and determination coefficient (R 2 ) was determined to be 0.097. In other words, revealed association may be assumed as very low.
Also, other descriptives of regression values between MTS and logSCC are given in Table 6 . Thus, the regression model and R 2 for MTS and logSCC was calculated to be; Y=0.644X-1.058 and 0.149, respectively. This finding clearly indicated that the change about 15% in MTS values was caused by logSCC values. Actually, this level might be assumed as higher than the value calculated between RTS and logSCC.
In normal, estimated relationships of DRTS with SCC could be expected as higher than obtained levels here. However, unsuitable storage conditions of bucket milk samples those used as the study material in the present study might be regarded to be the main reason for this case. Moreover, examined milk samples had a wide variation by SCC in the study. Such that, Demirci et al. (2010) emphasized that raw milk samples with high leucocyte number are not suitable for RTS method. Nevertheless, of two methods, MTS may be preferred to perform milk quality assessment with respect to obtained findings.
Conclusions
To determine bovine raw milk quality level, two dye induction techniques were examined in the present research. It was concluded that that MTS has a predominance to RTS, but, both DRTS values are not suitable to decide quality degree of bovine raw milk samples as unique test method. However, further studies including more data, especially on MTS should be carried out to confirm the obtained findings here.
